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ABSTRAK 
Konkrit tradisional yang dihasilkan daripada campuran simen, agregat kasar, agregat 
halus dan air adalah kurang mesra alam sekitar kerana penambatan dan perlombongan 
pasir di sungai dan laut. Konkrit polimer dipromosikan di mana simen dan agregat halus 
diganti sebahagiannya dalam kandungan konkrit itu sendiri. Dalam kajian ini, sifat-sifat 
mekanik seperti kekuatan mampatan dan kekuatan pemisahan tegangan akan diukur 
melalui ujian mesin. Peratusan optimum pasir tradisional yang digantikan dengan pasir 
silika untuk mencapai kekuatan pemisahan tegangan tertinggi boleh didapati melalui 
ujian. Selepas pengawetan selama 28 hari, kekuatan pemisahan tegangan maksima 
konkrit simen polimer meningkat sehingga 2.83% dengan paras penggantian pasir  
tradisional dengan pasir silika sebanyak 20%.Bagi kekuatan mampatan pula, kekuatan 
tersebut menjadi semakin rendah apabila peratusan agregat halus yang diganti dengan 
pasir silika semakin bertambah. Selepas pengawetan selama 28 hari, kekuatan 
mampatan konkrit simen polimer maksima berkurangan sehingga 30% apabila paras 
penggantian pasir tradisional adalah sebanyak 60%. Pasir silika boleh digunakan untuk 
menggantikan pasir tradisional di sesetengah bahagian tertentu bangunan yang tidak 
mengambil beban tinggi kerana sifatnya yang lebih mesra alam. Projek-projek konkrit 
seperti laluan, jalan masuk dan lantai taman permainan yang tidak memerlukan tetulang 
boleh dibina dengan menggunakan konkrit simen polimer kerana penggunaan pasir 
silika juga dapat menjimatkan lebih banyak kos pembinaan. 
iv 
ABSTRACT 
Conventional concrete which is produced by the mixture of cement, coarse aggregates, 
fine aggregates, and water is less environmental friendly due to calcination and mining 
of sand in river and sea. Polymer concrete is thus promoted where the cement and fine 
aggregates are replaced partially within itself. In this study, mechanical properties such 
as compressive strength and tensile splitting strength are measured. The optimum 
percentage of conventional sand replaced with silica sand to achieve the highest tensile 
splitting strength can be obtained which is 20%. After 28 days of curing, the maximum 
tensile splitting strength of polymer cement concrete with 20% replacement level of 
conventional sand with silica sand increases up to 2.83%. For compressive strength, the 
strength gets lower when the percentage of fine aggregates replaced with silica sand is 
higher. After 28 days of curing, the maximum compressive strength of polymer cement 
concrete decreases up to 30% when the replacement level of fine aggregates is 60%. 
Silica sand can be used instead of conventional sand in certain parts of the building that 
do not take high loading since it is more environmental friendly. Concrete projects such 
as pathways, driveways, and playhouse floor that do not require reinforcement can be 
constructed by using polymer cement concrete as the uses of silica sand can also save 
more construction cost. 
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CHAPTER 1 
 
 
INTRODUCTION 
1.1 Background 
The most popular and common artificial material on Earth is not steel or plastic 
but concrete because the materials used to produce concrete is readily available 
anywhere in the world and no complicated equipment is required. Concrete is created 
by binding find aggregates and coarse aggregates together with cement as binder 
through hydration process when water comes into contact with cement grains. High 
compressive strength and durability of concrete are the key reasons for its universal 
acceptance.  However, it has few disadvantages and some critical limitations which 
include having low tensile strength, weak flexural strength, poor chemical resistance to 
acid etc. Therefore, a number of attempts have been made to replace cement with other 
building materials composition to overcome the weaknesses and those attempts lead to 
introduction of polymer concrete. Polymer concrete was introduced in the late 1950s 
and got its name well known in the 1970s because of its properties such as rapid curing, 
high compressive strength, high tensile strength and even great chemical resistance. 
Polymer concrete is a composite material which is produced from polymerization of 
aggregate and monomer mixture. The polymerized monomer as cement replacement 
acts as binder for coarse aggregates and fine aggregates and the resulting composite 
product is called polymer concrete. The properties of polymer concrete vary 
accordingly to the steps and process of its preparation. The properties of polymer 
concrete are affected by the binder content (polymer), size distribution of aggregates, 
condition and type of microfiller, and curing conditions(Bedi, Chandra, &Singh, 
2013a). Generally, resins used for polymer concrete’s production consist of methyl 
methacrylate, epoxy resins, unsaturated polyester resin, furan resins, urea formaldehyde 
resin, and polyurethane resins. Furan resin offers a variety of advantages over other 
synthetic resins because it is formed by using agricultural wastes that consist of furfuryl 
2 
alcohol and furfuraldehyde(ManickamMuthukumar &Mohan, 2005). In order to 
increase the mechanical strength of polymer concrete, microfiller such as micro silica, 
steel fibres, and nylon fibres have been added to the polymer concrete mixture to fill the 
microvoids present in the system. Due to superb and preceding properties of polymer 
concrete like fast curing, high tensile and compressive strength, resistance to chemical 
attack and corrosion, and capability to constitute complex shape which allow a better 
molding process, polymer  concrete materials have also been used in applications and 
fields other than for which they were developed originally(Bedi et al., 2013a).  
. 
1.2 Problem Statement 
While conventional concrete( cement concrete) acts as one of the most handy 
and adjustable construction materials in all around the world and steers the industrial 
growth in the last decades, it also contributes the most in terms of environmental impact 
especially in  negative outcomes(Adam Knaack, 2012). Cement concrete is produced by 
mixing together coarse aggregates (crushed stones), fine aggregates (sand) with cement 
as binder after getting contact with water. Cement is a building material produced by 
grinding calcined limestone and traces of clay and gypsum and the main concern 
regarding cement production is the amount of greenhouse emissions that come along 
together. In order to produce cement, around 50% of carbon dioxide (CO2) emissions 
are contributed by the electricity and heat demands meanwhile the other 50% comes 
from the process called calcination which acts as an important procedure where 
limestone (calcium carbonate) is heated up to transform into quicklime (calcium oxide), 
releasing out CO2 in the process(Rackel San Nicolas, 2017). As the production of 
cement consumes a lot of energy and releases so much CO2 it is considered non-
environmental friendly to certain extent. Besides, fine aggregates (sand) used in the 
formation of concrete has also caused a lot of issues due to global deficiency for natural 
sand. Unpremeditated sand mining and continuous depletion of natural aggregates 
sources led to the fulfillment of new land use legislations which caused the purchasing 
of natural sand more difficult and costly. In 2014, illegal sand mining activities has 
been found continuing unabated in the Klang Valley, Malaysia. Report revealed mining 
was carried out in open daylight despite the operators not having permits. The activities 
created a lot of environmental problems, not excluding dusty and dirty lands caused by 
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vehicles transporting the sand(ARYTON SOLIANO, 2014). Therefore, sand dredging 
is heavily taxed and prohibited in many places around the world. Furthermore, sand pits 
that are licensed are often located in far-off location which requires great cost in term of 
transportation. Cement conservation is much needed to ensure sustainability of 
construction material resources as well as preserving an environment with less CO2 
content  therefore this can be done through partial replacement of cement and 
fine aggregates (sand) with synthetic polymer like epoxy resin and silica sand 
respectively. With such replacements, polymer cement concrete will be produced 
instead of conventional concrete which also brings along advantages such as rapid 
curing, excellent bond to cement concrete and steel reinforcement, high strength and 
durability(M.Muthukumar &Mohan, 2004). Furthermore, tensile strength and 
compressive strength of polymer cement concrete is expected to be higher than 
conventional cement concrete when cement and construction sand are replaced with 
epoxy resin and silica sand respectively. In order to improve mechanical strength of 
conventional concrete, a research needs to be done through the process of replacing 
certain portions of cement and construction sand with epoxy resin and silica sand to 
enhance its compressive strength and especially tensile strength which is originally 
considered very weak. 
 
1.3 Objectives 
The main purpose of this research is to study the enhancement on mechanical 
properties of polymer cement concrete. The objectives are listed as below in order to 
achieve the goal of this research.  
1.  To determine the effects of various proportions of silica sand as sand 
replacement on compressive strength of polymer cement concrete. 
2.  To determine the effects of various proportions of silica sand as sand 
replacement on tensile splitting strength of polymer cement concrete. 
47 
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